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 Abstract 
            The fluctuation fthe numericalvalueof m by various causes i examined in 
 detail, first by the mode of classification of data, and then the accuracy ofm in the 
       case of cumulative frequency distribution is considered. The variation of m caused 
       by taking the amplitude in one component is also examined. The fluctuation of
       0.3 in the numerical value of m is sometimes expected in practical cases even when
       the total number isas large as 1,000. The best way to arrange the observeddata 
       is discussed from the synthetic results of the examinations. 
   Chapter III. On the accuracy of  In in the  ISHIMOTO-IIDA's relation. 
   1. It has been proved  ]1] [2] that the distribution of maximum trace amplitudes, 
 i. e., the ISHIMOTO-IIDA'S relation, is directly connected with the magnitude distribution 
of the observed earthquakes. Therefore, the next step is to study whether or not the 
magnitude distribution of such small earthquakes i different from that of larger ones, 
or whether or not the earthquakes occurring in different seismic regions  folllow the 
same rule in their magnitude distribution. For these studies, however, the exponent 
m in the  Ismmuro-IIDA's relation should be grasped under the consideration of its 
numerical accuracy. In the  previous chapters the earthquakes belonging to one 
seismic region have been treated, and only the equality of m at several stations was 
discussed. In such cases the validity of conclusions i secured so far as the arrangement 
of data is identical for all stations. But, in our future problems, the similarity of 
the arrangement cannot always be expected because the data are different from 
each other in the total number of earthquakes, period of observations, range of trace 
amplitude and many other conditions. Hence it is necessary to examine the fluctua-
tion of the numerical value of m by the difference in modes of treatment of data. 
Detailed discussions on the accuracy of  m will be made in this chapter. 
   The usual way to determine the numerical value of m is as  follows  : The 
 IsHimoTo-IIDA's relation, 
                            n (a)da  =ka—n  da, 
is linearized by taking the logarithms of both sides as 
                      log n (a) = log  k—m log a.
   The least square method is applied for the last form and then the accuracy 
is expressed by the probable error or the distance of fiducial limit of the estimated
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value. In this method, however, it is assumed that the fluctuation of the number 
of earthquakes n(a), is continuously distributed and the fluctuation of log n (a), not 
of n(a) itself, follows a normal aw. These assumptions are obviously not adequate in 
the present case especially for the earthquake number belonging to the range of large 
amplitude, within which only a few earthquakes may occur during the period of 
observation. Of course, the observed number is discrete and the fluctuation of log n(a) 
is not expected to follow a normal distribution. The accuracy of  in is not perfectly 
represented by the usual probable error or a similar quantity. For these reasons, 
we take another way to estimate the accuracy in the  following discussions. Trials 
under various conditions are made for the actual number of earthquakes and the 
accuracy is estimated quantitatively from the comparison of the results of many 
trials. 
   2. One of the most essential processes relating to the fluctuation of  m is the 
mode of classification of the observed data. In the previous chapters a somewhat 
conventional mode of classification has been adopted without any essential effect 
on the conclusions. Such an expedient is not always permitted for future studies, 
as the numerical value of  m is substantially dependent on the mode of classification. 
As an extreme xample, if all the data are divided into only two classes of which the 
boundary is taken so that no earthquake may be observed in the range of larger 
amplitude, then  in is estimated to be infinity. And for an another extreme case, if 
the earthquakes are grouped into also two classes in both of which the same number 
of earthquakes are included,  m is expected to be zero. A moderate number of classes 
should be adopted in practical cases. 
   The first problem is to examine the fluctuation of in by the mode of classifica-
tion and to determine the best mode to estimate the value in population, which might 
be obtained if an infinitely large number of earthquakes could be observed. 
   General discussions on the classification umber has alreadybeen made by some 
authors, but these discussions are not thoroughly valid in our case. Similar disucuss-
ions on earthquake number has been made by  KOmuRA [31, who has studied 66 
earthquakes in the Beppu District, Kyusyu, Japan, and has made some considera-
tions on the value of  nt in cases of various classifications. However, the total number 
of earthquakes treated by him is too small to examine the fluctuation minutely, and 
a detailed study on larger samples is desirable. 
   The aftershocks of the Tango Earthquake treated in Chapter II are suitable for 
the present purpose because of the large number of earthquakes. The aftershocks 
observed by NASU  [4] at the three stations of Maiduru, Kinosaki, and  Ine, are grouped 
into several classes with equal intervals of maximum amplitude, the interval being 
taken to be 2, 3, 5, 10, 20, 30, and 50 microns. There are some different modes of 
classification even in case of the same class interval. In the case of 3 micron in-
terval, for example, the following three modes are possible; (1) 0-3,  3-6,  6-9,  .  .tk, 
(2) 1-4, 4-7, and (3) 2-5,  5-8,  8-11,  .  ...p,. The fluctuation of  m is 
expected by the difference of the kind. For examination of this, the case of 3 and 
10 micron intervals are assorted further as,
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        Case 3  p, (1) : 0— 3, 3— 6, 6—  9, .  ,a. 
        Case 3  p. (2) : 1— 4, 4— 7,  7-10,  . 
        Case 3 (3)  : 2— 5, 5— 8,  8-11, 
        Case 10  /..t (1) : 0-10, 10-20, 20-30,  .
        Case 10  ,u, (2) : 5-15, 15-25,  25-35,.
    The frequency distribution in each case is seen in Figs. 1, 2, and 3, for the stations 
of Maiduru, Kinosaki, and  Ine respectively. As seen in these figures, the  Ismmuro-
IinA's relation holds fairly good in all cases and the values of m calculated by the 
usual least square method are also given in the figures. The values versus class 
intervals are plotted in Fig. 4, which shows that m has a general tendency of increasing 
with the interval width. 
    The differenceof  m between the two extreme cases of 2 and 50 micron intervals 
 attains as large as 1.0 in the numerical value of  m, and the fluctuation of 0.3 or so is 
 very common in such a classification as probably taken in practical cases. Fig. 4 also 
 shows that the variation of  m in an unfavourable circumstance attains up to 0.3 even 
when the interval is kept constant and the boundary of the classes is altered. 
    Sometimes the following criterion is used to give the most suitable number of 
 classes n  : 
 n—  (1  +  log  N)  /log 2, 
 where N is the total number of samples. In the present case, the number by this 
 formula is 10 and the correspon-
                               Ma idw-u ding class interval is about 5-10
     3.2 -  • microns. This number, however, 
 2.8 - •                                            i
s not necessarily taken into  con-
 2.1  •  •                                             sideration so strictly in our prob- 
 20-•  lem, because a considerably large 
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  /6 - •  • •  sification is different. As the 
  1.2  - results of the above trials it is 
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  3.2 -Ineclassification cannot be strictly 
 2.5  - •determined apriori. The fluctua- 
                        s   24- • tion of 0.3 or so in numerical
 2.0- • value of  m may be expected                 • 
   6 •  according to the difference in the     1  2 4  7  10 20  40,a 
 Class  intervalmode of  calssification. 
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  Fig. 4. Relation between the value of m and class 3. To avoid the effects of 
 intervals. classification, a cumulative dis-
                                             tribution is sometimes used.
 Thus the cumulative number of earthquakes,
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                    N (a)  — n (a) da, 
is expressed in the present case as 
                         N (a) Ka–on-1) 
where K is a constant. N (a) is also expressed by a straight line in doubly logarithmic 
diagram, the gradient of the line being  m-1. The distribution function in the original 
meaning is obtained by differentiation of  N  (a). Some discussions on this method are 
made in this paragraph. Figs. 5 and 6 show the actual examples of the cumulative 
distribution, i. e., the aftershocks of the Tango Earthquake and the small earthquakes 
in the Kanto District, Japan, observed by the Earthquake Research Institute, Tokyo
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     Fig. 5. Cumulative frequency distributions of aftershocks of the TangoEarthquake. 
University, during the period of 1932-1938 [5]. Concerning the latter data a detailed 
description will be made in a later chapter. It is clear that the  ISHIMOTO-IIDA'S relation 
also holds good in every case. The values of m estimated from these distributions 
are shown in the figures. 
   The usual least square method is not suitable for the case of cumulative distribu-
tion becuase, besides the reasons already stated, N(a) at different amplitudes are not 
independent on each other. Another consideration on the the accuracy of m is 
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given as follows. 
   The fluctuation of the number of earthquakes having the maximum amplitude 
between a and a  -1-  da is assumed to be expressed by a Poisson distribution. This 
assumption is reasonably accepted because a  POISSON distribution is the most funda-
mental one for such discrete variates as number of earthquakes. A further justifica-
tion of this assumption is given by the following consideration. The earthquake 
number occurring in a time duration has been established by many  authors[6 to be 
expressed by a  POISSON distribution or similar ones. This means that the earthquake 
occurrence corresponds well to the number of hits in numerous trials, when the 
probability of a hit is small enough. The circumstance is similar in the present problem, 
although the above relation concerns the earthquake number during a time duration 
and the present study treats the earthquake number in an amplitude range. 
 From the above consideration, a  POISSON distribution is adopted for the fluctuation 
of number of earthquakes in an amplitude range. Thus the infinitely large number of 
 PcnssoN distributions are taken corresponding to all the amplitude ranges. These are 
provisionally called the "original" distributions. The cumulative number N (a) at
/000
 30
 10a„  00a,  1000a,
Fig. 7. Illustration of theoretical
   A 
consideration on the cumulative frequency.
an amplitude a 
original  POISSON
is the summation of independent 
distributions corresponding to the
smaples taken from each of 
amplitudes larger than a.
the 
The
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fluctuation of N  (a)  , therefore, is also expressed by a  POISSON distribution of which the 
mean value is the summation of those of the original distributions. 
   If the mean value of each of the original distributions is assumed to follow the 
 ISHIMOTO-IIDA's relation, the probability for the appearance of a cumulative number 
at an amplitude can be calculated theoretically. Fig. 7 illustrates the above considera-
tion in doubly logarithmic  diagram. When the mean value of each original distribu-
tion follows the  IsHimoTo-IIDA's relation expressed by a dotted line in the figure, the 
probabililty of appearance of a cumulative number is shown by the curved line at 
each amplitude. Of course the probability is significant only when the number is an 
integer, and the continuous curve is drawn only for the sake of elucidation. 
   From this figure we can estimate the largest and the smallest extreme values of 
cumulative number, beyond which the fluctuation is expected with smaller probability 
than 2.5 per cent. Now we consider a straight line connecting the two points, which 
represent in doubly logarithmic diagram the largest extreme value of cumulative 
number at the smallest amplitude concerned and the smallest one at the largest 
amplitude respectively. The gradient of this line is taken to be the upper limit of 
 (m-1). In a similar way the lower limit of  (m-1) is also estimated. Hence the accuracy 
of m is obtained when the functional form concerning the mean values of original 
distributions is given. 
   The extreme value of  m thus obtained
is shown in Fig. 8 against the total number 
of samples, the fiducial probability being 
taken to be 5 per cent (2.5 per cent for 
both of the largest and smallest values). 
As seen in Fig. 8, the accuracy of  rn 
becomes higher with increasing total num-
ber, and is higher than 0.3 in numerical 
value of m when the total number is over 
1,000 in the order of magnitude. 
   The accuracy is dependent also on the 
smallest cumulative number taken in the 
calculation of  In, as is easily accepted from 
the above discussion. If the smallest 
number is below 3, even the appearance of 
the infinitely large value of m is expected 
within the criterion of 5 per cent. Fig 
number is 10. The relation between the  sm 
is shown in Fig. 9. The restriction for the
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                          (Small  earthquakes at Tsukuba). 
strictly, and considering the fluctuation of total number, the rejection may be more 
difficult than the above estimation. 
   5. Sometimes thereare the cases where the observations are carried out exclusively 
in one or two components. In these cases the data are arranged according to the 
amplitude in one direction or to the horizontal amplitude composed of the two com-
ponents. The fluctuation may be expected by adopting such arrangements. For 
the examination of the accuracy of the kind, the value of m according to the amplitude 
of  EW or NS component is compared with that according to the composed horizontal
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 Fig.  11. Comparison of cumulative frequency distributions according to  ENV,  NS, and  horizontal 
        amplitudes. (Aftershocks of the Tango Earthquake). 
amplitude. Some actual examples of aftershocks of the Tango Earthquake and small 
earthquakes in the Kanto District are shown in Figs. 11 and 12 respectively, together 
with the value of m. In every case the variation of m caused by the difference of the 
component is so small that no statistical test may be necessary.
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    The reason is not always self-evident. The maximum 
such earthquakes as treated here belongs to the S phase. 
works by a number of authors  [10] have established that
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regular variation of its magnitude according to the azimuth from the  epicet 
Therefore, the variation of the frequency distribution is expected in general. 
   If the seismic region concerned is distant enough from an observation  p, 
and the directions of wave approaches for all earthquakes are confined withi 
small solid angle at the observation point, the above stated coincidence of  in in 
components is reasonably accepted. However, the circumstances are not so sin 
especially in the cases of aftershocks. The observation station in these case 
sometimes situated within the area where the aftershocks occur frequently and 
locations of epicenters are distributed in almost all directions from the station. 
of the solutions possible to interpret the coincidence is that the so-called  mo. 
directions or similar quantities to express the directions of mechanisms of concerr 
earthquakes are distributed statistically at random. The validity of this  solut
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[he validity of this solution, 
however, is left for future 
study. 
    At all events, it is safely 
permitted in our problem 
that the amplitude in one 
component is substituted for 
that composed of three com-
ponents, as is shown in the 
results of trials. 
   6. From the discussions 
hitherto given the synthetic 
accuracy of  In can be estima-
ted. The fluctuation of 0.3 
or so in the numerical value 
of in is commonly expected 
even when the total number
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is in the order of magnitude of 1,000. 
   The method of cumulative  frequency distribution is convenient to see the general 
tendency of the distribution, but is not always adequate for the estimation of the 
value of m, particularly by the reason that the data are not independent from each 
other. In conclusion the best way for the estimation seems to be as  follows  : The 
original freqeuncy, not the cumulative one, is adopted; the moderate number of 
classes is taken not to be widely different from the usual criterion; and, when the 
earthquake number in a class is smaller than 10, the mean number of those in 
several neighbouring classes is used, the amplitude corresponding to the mean number 
being taken to be the centered value of the concerned  amplitude range. This is just 
the way adopted in the previous chapter. 
   The efficacy of the last process in arrangement of data is clearly seen, for example, 
in Fig. 13, which shows the amplitude distribution of small earthquakes observed at 
Tsukuba. The distribution obtained by taking the mean value shows better coincidence 
with the  IsitimoTo-IiDA's relation than the original one. 
                                            (To becontinued)
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